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HIGH	
  ENERGY,	
  HIGH-­‐INTENSITY,	
  
ASTROPARTICLE	
  PHYSICS	
  COMPLEMENTARY	
  	
  
ATTACK	
  TO	
  THE	
  NEW	
  PHYSICS	
  FORTRESS	
  

FERRONI	
  



2012:	
  the	
  conquest	
  of	
  	
  	
  
a	
  new	
  energy	
  scale	
  in	
  physics	
  

•  ~1900	
  	
  	
  ATOMIC	
  SCALE	
  	
  	
  10	
  -­‐8	
  	
  cm.	
  	
  	
  	
  	
  	
  	
  1/(αme)	
  
•  ~1970	
  	
  	
  STRONG	
  SCALE	
  	
  	
  10	
  -­‐13	
  cm.	
  	
  	
  	
  Me	
  -­‐2Π/αsb	
  

• ~2010	
  	
  	
  WEAK	
  SCALE	
  	
  10	
  -­‐17	
  cm.	
  TeV-­‐1	
  
FUNDAMENTAL	
  OR	
  DERIVED	
  SCALE?	
  

EX.	
  	
  EXTRA-­‐DIMENSIONS	
  
or	
  
TeV	
  STRING	
  THEORY	
  

EX.:	
  TECHNICOLOR	
  or	
  
	
  SUSY	
  with	
  ELW	
  RAD.	
  BREAKING	
  	
  

NEW	
  PARTICLES	
  AT	
  THE	
  TEV	
  SCALE?	
  



2013:	
  the	
  thiumph	
  of	
  the	
  	
  STANDARD	
  
•  PARTICLE	
  STANDARD	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  MODEL	
  
	
  
	
  

•  COSMOLOGY	
  STANDARD	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  MODEL	
  

ΛCDM	
  +	
  “SIMPLE”	
  INFLATION	
  	
  



The	
  extracted	
  value	
  of	
  Neff	
  
depends	
  whether	
  one	
  makes	
  
use	
  of	
  the	
  value	
  of	
  the	
  
Hubble	
  parametr	
  from	
  the	
  
Planck	
  data	
  or	
  from	
  
independent	
  observaTons	
  

Recent	
  (and	
  controversial!)	
  BICEP2	
  results:	
  from	
  the	
  measurement	
  
of	
  the	
  B-­‐mode	
  polarizaTon	
  of	
  the	
  CMB	
  photons	
  à	
  iniTal	
  
infla`onary	
  epoch	
  at	
  energies	
  ~	
  V1/4	
  =	
  1.94	
  x	
  1016	
  	
  GeV	
  (r/
0.12)1/4	
  	
  	
  
r=	
  raTo	
  of	
  the	
  CMB	
  tensorial/scalar	
  components	
  –	
  from	
  BICEP2	
  r	
  ~0.2	
  ,	
  
r≠0	
  at	
  ~6	
  σ	
  	
  
INFLATON	
  at	
  ~	
  1016	
  	
  GeV,	
  	
  not	
  standard	
  Higgs	
  inflaTon	
  	
  (see,	
  
however,	
  Bezrukov	
  and	
  Shaposhnikov)	
  	
  



HIGGS	
  MECHANISM	
  

HIGGS	
  MECHANISM?	
  



MICRO MACRO 
GWS STANDARD MODEL    HOT BIG BANG 

STANDARD MODEL 

NUCLEOYINTHESIS 

BUT ALSO FRICTION POINTS 

- COSMIC MATTER-ANTIMATTER ASYMMETRY 
- INFLATION ??? 
- DARK MATTER + DARK ENERGY 

OBSERVATIONAL EVIDENCE OF NEW PHYSICS 

                BEYOND THE STANDARD  

UNIVERSE	
  EXPANSION	
  +	
  
WEAK	
  INTERACTIONS	
  
	
  	
  1	
  sec.	
  aier	
  BB	
  

NUMBER	
  OF	
  BARYONS	
  and	
  OF	
  
NEUTRINO	
  SPECIES	
  à	
  
CONFIRMED	
  FROM	
  CMB	
  350000	
  
YEARS	
  AFTER	
  BB	
  





"   3He(α,g)7Be: 

"   14N(p,g)15O: σ down to 70 keV 
     νcno reduced by ∼ 2 with 8% error      Sun core metallicity 
       Globular cluster age increased by 0.7-1 Gy 
       More carbon at the surface of AGB stars      

"   3He (3He,2p)4He: σ down to 16 keV 
      no resonance within the solar Gamow Peak 

Cross section measured with  4% error 

7Be ≈ prompt g 

"   25Mg(p,g)26Al: first measurement of the 92 keV resonance,            
       strength ωγ=(2.9±0.6)x 10-10 eV     

"   15N(p,g)16O: σ down to 70 keV, reduced by ∼ 2      

"   Future: Hydrogen and Helium burning (3.5 MV 
accelerator) 

"   17O(p,g)18F: rate uncertainty @ Novae temperature reduced to 5%  
           uncertainty on 18O, 18F and 19F less than 10% (from 40-50%)   

LUNA 

LUNA MV 

C. BROGGINI 2013 



The	
  Energy	
  Scale	
  from	
  the	
  
“ObservaTonal”	
  New	
  Physics	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  neutrino	
  masses	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  dark	
  mager	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  baryogenesis	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  inflaTon	
  	
  

NO NEED FOR THE 
NP SCALE TO BE 
CLOSE TO THE 
ELW. SCALE 

         The Energy Scale from the 
         “Theoretical” New Physics 

               Stabilization of the electroweak symmetry breaking 
at MW calls for an ULTRAVIOLET COMPLETION of the SM 
already at the TeV scale            +  
          CORRECT GRAND UNIFICATION “CALLS” FOR NEW PARTICLES 
AT THE ELW. SCALE 

	
  	
  
	
  



LOW-ENERGY SUSY AND 
UNIFICATION  



THE	
  COMPREHENSION	
  OF	
  THE	
  ELECTROWEAK	
  SCALE	
  
μ	
  ~	
  102	
  GeV	
  	
  

To	
  comprehend	
  (i.e.	
  stabilize)	
  the	
  elw.	
  scale	
  need	
  
NEW	
  PHYSICS	
  (NP)	
  to	
  be	
  opera`ve	
  at	
  a	
  scale	
  	
  	
  	
  	
  

ONLY	
  FOR	
  SCALARS;	
  SM	
  FERMIONS	
  AND	
  
GAUGE	
  BOSON	
  MASSES	
  ARE	
  PROTECTED	
  BY	
  
THE	
  SU(2)	
  ×	
  U(1)	
  SYMMETRY	
  !	
  



•  UNNATURAL	
  or	
  FINE-­‐TUNING	
  SOLUTION	
  	
  tuning	
  of	
  
parameters	
  at	
  the	
  scale	
  M	
  with	
  precision	
  O(	
  mH/M)2	
  	
  

	
  
•  NATURAL	
  SOLUTION	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Dynamics	
  or	
  symmetries	
  or	
  space-­‐Tme	
  	
  	
  	
  	
  	
  
modificaTons	
  giving	
  rise	
  to	
  a	
  UV	
  cut-­‐off	
  	
  ~	
  (mH)2	
  	
  

• SYMMETRY	
  vs.	
  MULTIVERSE	
  	
  	
  	
  	
  	
  	
  	
  	
  



The	
  BIG	
  and	
  the	
  SMALL-­‐	
  dim[m]	
  
•  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  what	
  is	
  the	
  value	
  of	
  the	
  
energy	
  of	
  its	
  vacuum,	
  i.e.	
  the	
  SM	
  vacuum	
  energy?	
  	
  
à	
  Vo	
  =	
  μ2	
  <H>2	
  +	
  λ	
  <H>4	
  	
  ~	
  (100	
  GeV)2	
  

observed	
  vacuum	
  energy,	
  i.e.	
  dark	
  energy	
  
acceleraTng	
  the	
  expansion	
  of	
  the	
  Universe	
  O(10-­‐3	
  eV)	
  
•  V	
  defined	
  up	
  to	
  a	
  constant	
  à	
  choose	
  such	
  constant	
  
to	
  cancel	
  the	
  O	
  (100	
  GeV)2	
  	
  contribuTon	
  

•  10-­‐3	
  eV	
  	
  	
  	
  	
  102	
  GeV	
  	
  	
  	
  	
  1016	
  GeV	
  	
  	
  	
  1019	
  GeV	
  	
  	
  
-­‐  Why	
  so	
  different	
  mass	
  scales	
  ?	
  	
  	
  
-­‐	
  How	
  to	
  guarantee	
  their	
  separaTon	
  à	
  symmetry	
  vs.	
  
mulTverse	
  	
  
	
  

	
  



The	
  BIG	
  and	
  the	
  SMALL	
  –	
  dim[m]=0	
  
•  ht	
  –	
  he	
  	
  	
  flavour	
  issue	
  
•  LSM	
  no	
  symmetry	
  prevents	
  to	
  add	
  a	
  term	
  violaTng	
  
CP	
  in	
  the	
  strong	
  interac`ons	
  whose	
  size	
  depends	
  
on	
  a	
  dimensionless	
  parameter	
  θ	
  	
  à	
  the	
  bound	
  on	
  
the	
  neutron	
  EDM	
  à	
  θ	
  <10-­‐10	
  

•  The	
  θ	
  –	
  problem	
  :	
  the	
  symmetry	
  soluTon	
  

Ringwald	
  



LOW-­‐ENERGY	
  SIGNATURES	
  OF	
  
UNIFICATION	
  AT	
  1016	
  GeV	
  	
  

•  PROTON	
  DECAY	
  mediated	
  by	
  new	
  par`cles	
  (scalars	
  or	
  
gauge	
  bosons)	
  related	
  to	
  the	
  unified	
  physics	
  at	
  1016	
  
GeV	
  which	
  DOES	
  NOT	
  respect	
  the	
  BARYON	
  and	
  
LEPTON	
  	
  NUMBER	
  SYMMETRIES	
  à	
  for	
  a	
  mediator	
  of	
  
mass	
  ~	
  1016	
  GeV	
  we	
  expect	
  a	
  proton	
  life`me	
  in	
  the	
  
ballpark	
  of	
  ~	
  1034	
  years	
  à	
  exp.	
  accessible	
  

•  NEUTRON-­‐ANTINEUTRON	
  OSCILLATION	
  if	
  the	
  unified	
  
symmetry	
  (ex.	
  SO(10))	
  breaks	
  down	
  to	
  an	
  
intermediate	
  symmetry	
  subsequently	
  spontaneously	
  
broken	
  at	
  ~	
  106	
  GeV	
  with	
  the	
  breaking	
  of	
  Baryon	
  
number	
  of	
  two	
  units	
  (ex.	
  SO(10)	
  à	
  SU(4)PS	
  ×	
  SU(2)L×	
  
SU(2)R	
  à	
  SU(3)	
  ×	
  SU(2)L	
  ×	
  U(1)Y	
  )	
  à	
  exp.	
  accessible	
  (for	
  
instance	
  ,	
  at	
  the	
  ESS)	
  



3	
  WAYS	
  TO	
  IMPLEMENT	
  	
  
THE	
  HIGGS	
  MECHANISM	
  

•  NO	
  HIGGS	
  PARTICLE:	
  HIGGSLESS	
  MODEL	
  (almost)	
  killed	
  by	
  
LHC	
  (unlikely	
  the	
  observed	
  scalar	
  is	
  an	
  “impostor”,	
  however	
  
not	
  impossible	
  –	
  ex.	
  dilaton,	
  radion.	
  Possibility	
  of	
  mixing	
  of	
  
an	
  “authenTc”	
  Higgs	
  with	
  the	
  “impostor”…)	
  

•  COMPOSITE	
  HIGGS:	
  PSEUDO-­‐GOLDSTONE	
  BOSON	
  	
  

•  ELEMENTARY	
  HIGGS	
  
	
  	
  	
  	
  A)	
  FINE-­‐TUNED	
  (unnatural	
  Higgs	
  –	
  anthropic	
  road,	
  high-­‐
scale	
  fundamental	
  theory	
  taking	
  care	
  of	
  it,	
  …)	
  
	
  	
  	
  	
  B)	
  NATURAL	
  	
  (protec`on	
  mechanism:	
  low-­‐energy	
  SUSY;	
  
inexistence	
  of	
  the	
  scale	
  hierarchy	
  problem:	
  extra	
  
dimensions,	
  warped	
  space,	
  …)	
  
	
  	
  



On	
  the	
  peculiar	
  value	
  of	
  MH	
  	
  
•  For	
  the	
  SM	
  to	
  survive	
  up	
  to	
  a	
  very	
  large	
  scale,	
  
MGUT	
  or	
  MPlanck	
  :	
  	
  MH	
  in	
  the	
  fork	
  	
  125	
  –	
  180	
  GeV,	
  
with	
  ~	
  125	
  GeV	
  just	
  on	
  the	
  verge	
  between	
  
stability	
  and	
  instability	
  	
  of	
  the	
  vacuum	
  state	
  
where	
  the	
  SM	
  sits	
  

•  For	
  the	
  existence	
  of	
  a	
  (minimal)	
  supersymmetric	
  
extension	
  of	
  the	
  SM	
  at	
  the	
  elw.	
  scale,	
  the	
  
lightest	
  SUSY	
  Higgs	
  must	
  have	
  Mh	
  <	
  130	
  GeV	
  (	
  for	
  
Mh	
  >120	
  GeV,	
  the	
  radiaTve	
  correcTon	
  to	
  Mh	
  is	
  ~	
  
50%	
  of	
  the	
  tree-­‐level	
  value)	
  



STABILITY	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  INSTABILITY	
  	
  	
  

ON	
  THE	
  IMPORTANCE	
  OF	
  PRECISELY	
  
MEASURING	
  	
  HIGGS	
  and	
  TOP	
  MASSES	
  	
  



to know to the last digit  

"   The perfect machine for COUPLINGS is TLEP 
 

"   The optimal machine for H-coupling, t-quark mass, HHH is ILC 

"   The unique machine for H total width is a muon factory 

 F. Ferroni   Varenna 2013 

Very large FCC (Future Circular Collider) of 70-100 Km.  
 1st phase with e+-e- ;   2nd phase with p-p  at 100 TeV 



HIGGS	
  Couplings	
  Sensi`vity	
  at	
  LHC	
  and	
  ILC	
  

LHC	
  	
  à	
  14	
  Tev	
  300	
  z-­‐1;	
  	
  ;	
  ILC1	
  à	
  ILC	
  250	
  GeV	
  	
  250	
  z-­‐1	
  ;	
  	
  
ILC	
  à	
  	
  500	
  GeV	
  500	
  z-­‐1	
  ;	
  	
  ILC	
  TeV	
  	
  à	
  	
  1TeV	
  	
  1000	
  z-­‐1	
  

PESKIN	
  



CVI,	
  LNF	
  -­‐	
  Sep.	
  2013	
   F.	
  Bedeschi,	
  INFN-­‐Pisa	
   22/18	
  

SUSY	
  searches	
  
•  Higgs	
  mass	
  value	
  reduces	
  SUSY	
  parameter	
  space	
  
•  Direct	
  searches	
  unsuccessful	
  à	
  gluinos	
  well	
  above	
  
1	
  TeV	
  

•  Working	
  on	
  stop	
  expected	
  lighter	
  
•  Also	
  no	
  indicaTon	
  of	
  new	
  physics	
  other	
  then	
  	
  SUSY	
  



HIGH	
  	
  	
  	
  	
  	
  	
  	
  	
  LOW	
  ENERGY	
  	
  
HADRONIC	
  PHYSICS	
  

•  STll	
  open	
  problems	
  in	
  low-­‐energy	
  hadronic	
  
physics	
  à	
  possible	
  links	
  with	
  new	
  physics	
  beyond	
  
the	
  SM	
  searched	
  for	
  in	
  high-­‐energy	
  hadronic	
  
physics	
  ?	
  	
  

•  Ex:	
  the	
  PROTON	
  CHARGE	
  RADIUS	
  PUZZLE	
  
	
  	
  	
  	
  à	
  new	
  light,	
  very	
  weakly	
  coupled	
  	
  scalar	
  parTcle	
  	
  
	
  	
  Probing	
  New	
  Physics	
  with	
  Underground	
  Accelerators	
  and	
  
Radioac`ve	
  Sources	
  	
  Pospelov	
  et	
  al	
  	
  arXiv:1405.4864	
  [hep-­‐ph]	
  	
  à	
  
possible	
  exps.	
  with	
  LUNAMV	
  or	
  SOX	
  and	
  Borexino	
  	
  



NEUBERT	
  SUSY2012	
  



the	
  (almost	
  complete)	
  CKM	
  triumph	
  



L’	
  orologio	
  del	
  flavor	
  deve	
  proseguire	
  
Buras	
  et	
  al.	
  



THE FATE OF LEPTON NUMBER 
L VIOLATED L CONSERVED 

υ Majorana ferm. υ Dirac ferm. 
(dull option) 

SMALLNESS of mυ  h υLH υR          mυ=h <H>         Mυ<5 eV     h<10-11 

EXTRA-DIM. νR in the bulk: small overlap? 
PRESENCE OF A NEW PHYSICAL MASS SCALE 

SEE - SAW MECHAN. 
Minkowski; Gell-Mann, 
Ramond, SlansKy, 
Vanagida  

ENLARGEMENT OF THE 
FERMIONIC SPECTRUM 

MυR υR  + h υL φ υR  

υL     ~O       h <φ> 

υR              h <φ>         M 

υR υL 

MAJORON MODELS 
Gelmini, Roncadelli 

ENLARGEMENT OF THE 
HIGGS SCALAR SECTOR 

 h υL υL    Δ 
mυ= h < Δ > 

N.B.: EXCLUDED BY LEP! 

νR Δ 

LR 
Models? 



Cosmology,	
  single	
  and	
  double	
  β	
  decay	
  measure	
  different	
  combinaTons	
  
of	
  the	
  neutrino	
  mass	
  eigenvalues,	
  constraining	
  the	
  neutrino	
  mass	
  scale	
  

In	
  a	
  standard	
  three	
  acTve	
  neutrino	
  scenario:	
  

Σ	
  Mi
	
  

i=1	
  

3	
  

Σ    ≡   	


cosmology	
  
simple	
  sum	
  

pure	
  kinemaTcal	
  effect	
  

Σ	
  Mi
2	
  |Uei|2	
  i=1	
  

3	
   1/2	
  

〈Mβ〉	
  	
  ≡	
  	
  
β	
  decay	
  

incoherent	
  sum	
  
real	
  neutrino	
  	
  

|Σ	
  Mi
	
  |Uei|2	
  eiα  |	
  i	
  

i=1	
  

3	
  

〈Mββ〉	
  ≡	
  
double	
  β	
  decay	
  
coherent	
  sum	
  
virtual	
  neutrino	
  
Majorana	
  phases	
  

Going	
  beyond	
  the	
  SM:	
  	
  
the	
  NEUTRINO	
  MASS	
  

A. GIULIANI, SAC APPEC 2013 



Three challenges for 0ν-DBD 
search 〈Mββ〉  [eV] 

Klapdor’s claim 
100-1000 counts/y/ton 

0.5-5 counts/y/ton 
20 meV 

0.1-1 counts/y/(100 ton) 
1 meV 

Klapdor Krivosheina Modern Physics Letters A 21, No. 20 (2006) 1547 



The	
  next	
  step	
  
It	
  is	
  clear	
  that	
  at	
  least	
  	
  1	
  ton	
  isotope	
  is	
  required	
  to	
  
explore	
  the	
  inverted	
  hierarchy	
  region	
  

Ø  Impact	
  of	
  
enrichement	
  cost	
  

Ø  How	
  many	
  technological	
  approaches	
  and	
  which	
  ones?	
  

Ø  How	
  many	
  isotopes	
  and	
  which	
  ones?	
  

Ø  Which	
  infrastructures?	
  	
  
	
  	
  	
  	
  	
  	
  Which	
  chance	
  do	
  we	
  have	
  to	
  get	
  them	
  in	
  Europe?	
  

Price/kg	
  [k$]	
   Price/(10	
  t)	
  [M$]	
  

Barabash,	
  2013	
  

A.	
  Giuliani	
  SAC	
  APPEC	
  2013	
  



CPV	
  



 MATTER-ANTIMATTER ASYMMETRY                 NEUTRINO 
MASSES CONNECTION: BARYOGENESIS THROUGH 

LEPTOGENESIS 
•  Key-ingredient of the SEE-SAW mechanism for neutrino 

masses: large Majorana mass for RIGHT-HANDED 
neutrino  

•  In the early Universe the heavy RH neutrino decays with Lepton 
Number violatiion; if these decays are accompanied by a new 
source of CP violation in the leptonic sector, then 

                     it is possible to create a lepton-antilepton asymmetry 
at the moment RH neutrinos decay. Since SM interactions 
preserve Baryon and Lepton numbers at all orders in 
perturbation theory, but violate them at the quantum level, such 
LEPTON ASYMMETRY can be converted by these purely 
quantum effects into a BARYON-ANTIBARYON ASYMMETRY    
( Fukugita-Yanagida mechanism for leptogenesis ) 



LFV IN SUSY SEE-SAW 
 SEE- SAW (type 1) 
New source of 
(leptonic) flavor:  
YUKAWA COUPLINGS OF THE 
NEUTRINO DIRAC MASS 
CONTRIBUTIONS, i.e. THE 
YUKAWAs of the 
HIGGS couplings to 
the LETF- and RIGHT – 
HANDED  NEUTRINOS 

LOW-ENERGY SUSY 

The scalar lepton 
masses through their 
running bring memory of 
those new sources of 
leptonic flavor at the TeV 
scale, i.e. at energies 
much below the  
(Majorana) mass of the 
RH neutrinos   



PMNS	
  case	
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LFV, g – 2, EDM: a promising 
correlation in SUSY SEESAW 

PARADISI 

 







THE	
  EDM	
  CHALLENGE	
  

FOR	
  ANY	
  NEW	
  PHYSICS	
  AT	
  THE	
  TEV	
  SCALE	
  WITH	
  
NEW	
  SOURCES	
  OF	
  CP	
  VIOLATION	
  à	
  NEED	
  FOR	
  
FINE-­‐TUNING	
  TO	
  PASS	
  THE	
  EDM	
  TESTS	
  OR	
  
SOME	
  DYNAMICS	
  TO	
  SUPPRESS	
  THE	
  CPV	
  IN	
  
FLAVOR	
  CONSERVING	
  EDMS	
  	
  



CONNECTION DM – ELW. SCALE 
THE WIMP MIRACLE :STABLE ELW. SCALE WIMPs  

1) ENLARGEMENT 
OF THE SM 

SUSY            EXTRA DIM.           LITTLE HIGGS.
    (xµ, θ)                (xµ, ji)                  SM part + new part 

Anticomm.          New bosonic               to cancel Λ2 
Coord.                      Coord.                   at 1-Loop 

2) SELECTION 
RULE  
DISCRETE SYMM. 

STABLE NEW 
PART. 

R-PARITY LSP       KK-PARITY LKP     T-PARITY LTP 

Neutralino spin 1/2              spin1                    spin0 

3) FIND REGION (S) 
PARAM. SPACE 
WHERE THE “L” NEW 
PART. IS NEUTRAL + 
ΩL h2  OK 

mLSP 

~100 - 200 
GeV  

 mLKP  

~600 - 800 

GeV 

 mLTP  

~400 - 800 

GeV 







Hewett, Rizzo et al	


125k models pMSSM  under scrutiny	





DM COMPLEMENTARITY: efficient 
annihilation in the early Universe implies 

today 





Alessandro	
  De	
  Angelis	
   45	
  Hewe~,	
  Rizzo	
  et	
  al.	
  2013	
  

pMSSM	
  models	
  



Relic Stochastic Background 

•  Imprinting of the early expansion of the universe 
•  Correlation of at least two detectors needed 

Relic neutrinos CMBR 
Relic gravitons 



 2nd GENERATION: ���
DISCOVERY AND ASTRONOMY	



108	
  ly	
  

Enhanced	
  LIGO/Virgo+	
  
2009	
  

Virgo/LIGO	
  

Credit:	
  R.Powell,	
  B.Berger	
  

Adv.	
  Virgo/Adv.	
  LIGO	
  
2014	
  

	
  GOAL:	
  	
  	
  	
  	
  
sensiTvity	
  10x	
  beger	
  à	
  	
  
look	
  10x	
  further	
  à	
  	
  
Detec`on	
  rate	
  1000x	
  larger	
  

2nd	
  genera`on	
  detectors:	
  	
  
Advanced	
  Virgo,	
  Advanced	
  LIGO	
  

NS-­‐NS	
  detectable	
  as	
  far	
  as	
  300	
  Mpc	
  	
  
BH-­‐BH	
  detectable	
  at	
  cosmological	
  distances	
  

10s	
  to	
  100s	
  of	
  events/year	
  expected!	
  



	
  	
  Post-­‐Higgs	
  Depression?	
  No,	
  thanks	
  	
  
just	
  the	
  opposite….	
  

	
  •  If	
  the	
  naturalness	
  issue	
  is	
  indeed	
  a	
  relevant	
  issue,	
  
the	
  fact	
  that	
  we	
  discovered	
  a	
  light	
  higgs	
  means	
  
that	
  there	
  MUST	
  EXIST	
  some	
  mechanism	
  
stabilizing	
  its	
  mass	
  and	
  this	
  mechanism	
  
NECESSARILY	
  ENTAILS	
  THE	
  PRESENCE	
  OF	
  SOME	
  
FORM	
  OF	
  NEW	
  PHYSICS	
  AT	
  THE	
  ELECTROWEAK	
  
SCALE	
  	
  

•  Time	
  to	
  get	
  ready	
  (joint	
  exp.-­‐theor.	
  effort)	
  for	
  the	
  
new	
  results	
  in	
  high	
  energy,	
  high	
  intensity,	
  
neutrino	
  physics,	
  gravita`onal	
  waves,	
  cosmic	
  
radia`on,	
  dark	
  ma~er	
  and	
  dark	
  energy	
  searches	
  



BACK-­‐UP	
  SLIDES	
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A	
  summary	
  (oversimplified…)	
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THE	
  FATE	
  OF	
  LEPTON	
  NUMBER	
  
L VIOLATED L CONSERVED 

υ Majorana ferm. υ Dirac ferm. 
(dull option) 

SMALLNESS of mυ  h υLH υR          mυ=h <H>         Mυ<5 eV     h<10-11 

EXTRA-DIM. νR in the bulk: small overlap? 
PRESENCE OF A NEW PHYSICAL MASS SCALE 

SEE - SAW MECHAN. 
Minkowski; Gell-Mann, 
Ramond, SlansKy, 
Vanagida  

ENLARGEMENT OF THE 
FERMIONIC SPECTRUM 

MυR υR  + h υL φ υR  

υL     ~O       h <φ> 

υR              h <φ>         M 

υR υL 

MAJORON MODELS 
Gelmini, Roncadelli 

ENLARGEMENT OF THE 
HIGGS SCALAR SECTOR 

 h υL υL    Δ 
mυ= h < Δ > 

N.B.: EXCLUDED BY LEP! 

νR Δ 

LR 
Models? 



Hewett, Rizzo et al 2013	
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A	
  summary	
  (oversimplified…)	
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Keep	
  in	
  mind:	
  we	
  don’t	
  know	
  at	
  all	
  
what	
  DM	
  is	
  made	
  of	
  !	
  	
  Alterna`ves	
  to	
  

WIMPs	
  –	
  for	
  instance,	
  AXIONS	
  





Bu~azzo,	
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  Strumia	
  	
  	
  2013	
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  Isisdori	
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  et	
  al	
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  ‘12	
  



IF	
  SM	
  VALID	
  UP	
  TO	
  MPLANCK	
  à	
  MH	
  formidable	
  
telescope	
  to	
  sneak	
  into	
  	
  
unexplorable	
  energies…	
  

The	
  Universe	
  looks	
  very	
  close	
  to	
  CRITICALITY	
  	
  

BUTTAZZO	
  ET	
  AL.	
  	
  2013	
  



ON	
  THE	
  IMPORTANCE	
  OF	
  PRECISELY	
  
MEASURING	
  	
  HIGGS	
  and	
  TOP	
  MASSES	
  	
  

DEGRASSI	
  ET	
  AL	
  

INTRINSIC	
  DIFFICULTY	
  TO	
  “DEFINE”	
  WHAT	
  THE	
  TOP	
  MASS	
  IS	
  
AT	
  A	
  HADRON	
  COLLIDER	
  WITH	
  UNCERTAINTY	
  ≤	
  1	
  GeV	
  



Weak couplings 

MASS OF THE DM PARTICLE 

DM INTERACTIONS   
WITH ORDINARY MATTER 



Relevant to 
intensify the efforts 
here: ex. 
asymmetric DM 
with DM particles 
of mass~ baryon 
mass given that 
ρDM not much 
different from ρB 

Kolb SUSY2012 



RELEVANCE OF THE DAMA-LIBRA RESULT– IMPORTANCE 
OF AN INDEPENDENT VERIFICATION (hard to reach the same 
level of sensitivity)	





INDIRECT SEARCHES FOR DM 	



BATTISTON   2013	





GAMMA	
  –	
  ASTRONOMY	
  FROM	
  	
  EARTH	
  AND	
  SPACE	
  



μ	
  –	
  e	
  conversion	
  vs	
  μ	
  à	
  eγ	
  
Tanβ	
  =	
  10	
   Tanβ	
  =	
  40	
  



•  DM:	
  	
  most	
  of	
  the	
  gravitaTonally	
  clusterized	
  form	
  of	
  
energy	
  of	
  the	
  Universe	
  that	
  we	
  call	
  MATTER	
  is	
  of	
  
non-­‐baryonic	
  nature,	
  i.e.	
  non-­‐baryonic	
  DM	
  
exists,	
  and	
  it	
  is	
  by	
  itself	
  new	
  physics,	
  
i.e.	
  it	
  is	
  made	
  of	
  parTcle(s)	
  which	
  are	
  not	
  present	
  in	
  
the	
  SM	
  parTcle	
  spectrum	
  

•  Is	
  (are)	
  the	
  mass(es)	
  of	
  the	
  DM	
  
par`cle(s)	
  at	
  the	
  electroweak	
  scale,	
  i.e.	
  of	
  
O(1TeV),	
  or	
  	
  is	
  the	
  DM	
  scale	
  not	
  correlated	
  at	
  all	
  
with	
  the	
  elw.	
  scale?	
  	
  

Is	
  the	
  DM	
  a	
  portal	
  to	
  	
  
new	
  physics	
  beyond	
  the	
  SM?	
  (I)	
  


